
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADA800722

unclassified

restricted

Approved for public release; distribution is
unlimited.

Distribution authorized to DoD only; Foreign
Government Information; AUG 1946. Other
requests shall be referred to British Embassy,
3100 Massachusetts Avenue, NW, Washington, DC
20008.

DSTL, AVIA 6/13106, 21 Oct 2009; DSTL, AVIA
6/13106, 21 Oct 2009



Reproduction Quality Notice 

This document is part of the Air Technical Index 
[ATI] collection. The ATI collection is over 50 years 
old and was imaged from roll film. The collection has 
deteriorated over time and is in poor condition. DTIC 
has reproduced the best available copy utilizing the 
most current imaging technology. ATI documents 
that are partially legible have been included in the 
DTIC collection due to their historical value. 

If you are dissatisfied with this document, please feel 
free to contact our Directorate of User Services at 
[703] 767-9066/9068 or DSN 427-9066/9068. 

Do Not Return This Document 
To DTIC 



:. •„.... •»":•.• *>).-,: • mrnmm 

Reproduced    by 

AIR DOCUMENTS DIVISION 

w 

l:'!|:!'-i;il!l'Ü Jfc.V,' 

- .•.-*••",. 

'XV 

HEADQUARTERS AIR MATERIEL COMMAND 

WRT3HT FIELD. DAYTON, OHIO 



m m •L-, 

W  I 

C0& ' 

USGOVERNMENT 
IS ABSOLVED 

FROM ANY LITIGATION WHICH MAY 

ENSUE FROM THE CONTRACTORS IN - 
/ 

FRINGING ON THE FOREIGN PATENT 

RIGHTS WHICH MAY BE INVOLVED. 

i • h.- 

WRIGHT FIELD. DAYTON, OHIO 



I 

A 



m     i     t     J A      X      1      J     ¥ 

RESTRICTED 

fiS?"H 



£//r 
BRJTlSH/üi i•   JTRICTED 

RESTRICTED 
REPORT No: MET.7 

ROYAL AIRCRAFT ESTABLISHMENT 
Farnborough, Hants. 

THE RELATION BETWEEN THE TENSILE PROPERTIES 
AND THE CONSTITUTION OF ALUMINIUM-RICH 

ALUMINIUM-MAGNESIUM-MANGANESE-ZINC ALLOYS 

by 

A. H. ROSS 

and 

B. W. MOTT, M.A. 

Air Documents DJvteion, T-2 
AMC, Wright Field 

Mierofflm No. 

R£-J*7F^/*7 

ATTENTION is CALLED TO THC PENALTIES ATTACMNG 

£ TO ANY HFRPMEMENT OF THE Of FCIAi. SECRETS   ACT. ^k 

THS DOCUMENT IS THE PROPERTY OF HM. GOVERNMENT 

IT IS INTENDED FOR THE USE OF THE RECIPIENT ONL». «NO FOB COMMUNKATBH TO SUCH OFFICERS UNDER 

HM AS MAT REOUME TO BE ACQUAMTCD WITH THE CONTENTS C* THC REPORT M THE COUBE OF THEIR 

DUTIES THE OFFICERS EXERCISING THS POKER Of COMMUNICATION «11 EC HEU) RESPONSHLE THAT SUCH 

INFORMATION IS MPARTEO WITH DUE CAUTION AND RESERVE 

ANT PERSON OTHER THAN THE AUTHORISED HOLDOf.UPON OSTAMNG POSSESSION OF THS DOCUMENT, IY 

FINDING OR OTHERWISE, SHOULD FORWARD IT.TOGETHER WITH HIS NAME AND ADDRESS.« A CLOSED ENVELOPE 

THE SECRCTARX MRRSTRY OF SUPPLY, 

THAMES HOUSE,MLLIANK, LCMOUN S.W4. 

UTTER POSTAGE  NEIDNOT BE PRE HUUtOTHER POSTAGE WILL IE REFUNDED. 

AIL PERSONS ARC HEREBY WARNED THAT THE UNAUTHORISED RETENTION OR DESTRUCTION OF THIS 
DOCUMENT IS AN OFFENCE AGAINST THE OFFICIAL SECRETS ACT WII-IWO. 



BRtUöJi/u.o. KtöFKIQiED 

• 

BRITISH   RESyi^TED   Equah 
UNITED STAttÄ *UTRICTED 

SUITABLE. 

RESTRICTED 

Ü.D.C. No.  669.715.721  l 539.42.015 

R.A.E.  Report ifo.lfet.7 

August,  1946 

WVJJ AIRCRAra K3TAbLISHMB'T. F.JtHBOROUSH 

The relation between the tensile properties and 
oonstitution of   vluniinium-rioh 

aluminium-ma^ni;sivtn-«ianganeL;c-zino sllqya 

A«H» Ross 
and 

R.A.2. Rof: Mat.M7790/BVBiA71 
M.   o S.Ref l Hes.Mat.785/k.D.*iat./fa 

snafem 

Introduction 

In view of the high tensile properties obtained1»2 on aluminium 
alloys of nominal composition 3fi of magnesium, 1% of manganese and 7js 
of zino in the wrought and heat treated condition,  it was considered 
desirable to ascertain the offoots of wide variations in the magnesium 
and zino contents on the tensile properties crnd microstruoturc. 

Range of Investigation 

Thirtyone alloys were prepared vdth magnesium contents in the 
range 0.86 to 4*55?»» manganese contents from 0.96 to 1.1254 and zinc 
contents from 2.88 to 12.7F3.       Cast billets were forged to £ inch 
square bar and tensile tests wore made in the fully heat treated 
condition.      The materials were raiorosoopically examined in the cast, 
as forged and forged and fully heat treated conditir<ns. 

Conclusions 

J?or a given percentage of magnesium,  the values of 0.1$ proof 
stress and ultimate tensile strength increased steadily to a maximum 
vdth increasing zino content while the elongation value decreased. 
Similarly for a given percentage of zinc, increases in proof '«id 
ultimate  stresses were obtained for an increase in the magnesium content. 
The relationship between the diamond pyramid hardness and tensile 
strength of the alloys was linear.      A possible theoretical relationship 
between tensile strength and composition is discussed. 

Values for the 0.1$ proof stress, ultimate stress and elongation 
for the alloy containing 2J» of magnesium and lljs of zinc in the fully 
heat treated condition were .37.0 tons/in»2, 40.1 tons/in.2 aid Gji 
respectively and for the alloy with 4>» of magnesium and 11$ of zinc, 
40.4- tons/in.2, 44.5 tons/in.2 and 2$ respectively.      Ificrosoopioal 



R.H.E. Report No. Mut.7 

examination df the alloys 'in Various conditions showed that the oonstitu- 
tion of the alloys was very similar to that of high purity materials« 

Further Developments • * 

Further work is in hand to include a f-, 11 investigation of the 
tensile,  fatigue and stress-corrosion properties of forged, extruded and- 
rolled material in an alloy oontaining 2 to 3$ of magnesium, 1% of mangan- 
ese and 10 to 11JJ of zinc      The effeotB of additions of chrcmium up to 
0.5$ on the tensile, stress-raorrosioii. and working properties of a selected 
aeriu3 of wrought alloys of high tensile strength are being investigated. 

2. 
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B. Introduotion 

It is well known that alurainium-ri.ol. alloys containing magnesium and 
zinc possess high tensile properties in the wrought and heat treated condi- 
tion.      The strength properties obtained at R.A.E. on alloys containing 
about iff of magnesium, 1J? of manganese and 7% of eins and on an alloy with 
yjt of magnesium, 1% of manganese, 7/3 of zino and 0.5Ä of chromium, have 
been reported. 1»2»3,4     The constitution of the Al-Mg-Mn-Zn system has been 
investigated by Dr. Hume-Bothery and his collaborators'»0»l>° and the results 
Of microscopical examination of alloys of this type have been reported by 
B.A.E.2»*»10»11 

In view of the vary high tensile properties which have been obtained 
on the 3:li7 alloy both with and without additions of ohromium, it was 
desirable to ascertain the effects of variations in the magnesium and zino 
contents on the tensile properties and miorostructuro.     The present report 
gives the results of tensile tests of material in the forged and heat treated 
condition of a series of thirty one alloys in the range 0 to ?/» magnesium, 
0 to 12>J zinc, and containing 1$ of manganese together with small quantities 
of iron and silicon as impurities.      The miorostructure of the alloys was 
examined in the cast, forged, and forged and heat treated conditions. 

Since the initiation of this work, Specification D.T.D. 363A was 
issued in March, 1944 to cover bars for machining and extruded sections in 
material which oonformud to :the following range .of composition. 

copper, 
magnesium, 
manganese, 
iron, 
silicon, 
nickel, 
zino, 
titanium, 
ohromium, 
aluminium, 

% 

* 

up to 3*0 
up to 4.0 
up to 1.0 
up to 0.6 
up to 0.6 
nil 
4*0 to 8*0 
lip to 0.3 
up to 1.0 
the remainder. 

 ^— 
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The minimum tensile properties required by the" Specification ore a 
0.1J6 proof stress of 33.0 tons/in."2, a tensile strength of 38.0 tons/in.*- 
and an elongation value of 55» for sections of thickness between f inch 
and 6 inches. 

Experimental Procedure 

A aeries of alloys was prepared with compositions falling within 
the ranges 

magnesium, 
zinc, 
manganese. 

* 1.0 to 5.0 
3.0 to 12.0 
1.0 

iron and silicon'; oiii-present is impuritie» only.  The basic materials Uts'-d i 
preparing these alloys were all Of good commercial quality.  The chemical 
analyses are given in Table I and a list of the nominal compositions of 
the alloya investigated is given in Table II. 

Chilled billots of about 4 pounds weight were prepared1; melting • 
being carried out in a covered Salamander crucible in an electric • resist- 
ance furnace.  No difficulty was experienced in preparing the alloys 
provided that the necessary precautions were taken to avoid undue loss 
of magnesium and zinc.  Full details of the preparation, melting, aastiltg 
and subsequent treatments of the alloys are given in Appendix I.  The 
forgo.-ibility of the materials throughwt the whole range of the alloys 
investigated was satisfactory and remarkably consistent. 

Chemci:i,l composition 

The compositions of the .'Tloyc investigated are'given in Tables 
Ilia, Illb, IIIo, and Hid.  The magnesium content of the alloys is 
within the range 0.86 to 4.55', the mmiganoso content within the range 
0.96 to 1.12/1, and the zinc content within the r;\ngo 2.88 to 121If*-   • 
An addition of from 0.04 to 0.06$' of titanium was made to all alloys'for 
grain refinement and improved working properties.  Iron and silicon wore 
present as impurities imly in all the alloys, the average contents being 
about 0.33><- and 0,14* respectively. 

It^-t Treatment Experiments 

Previous work »* haying uhown that .soaking for one tour at 495°0. 
waa satisfactory for alloya of thia type, initial solution huat treatment 
experiments were mode at this temperature on alloys reference nos. 3:1:5, 
3:1:6, 3:1:8., J:l:12, 4:1:6 -jid 5:1:12, whore the numbers refer to the 
namiril percentage of magnesium, manganese and zinc respectively. 

Although bara 3:1:5, 3:1:6, 3:1:8 and 4:1:6 appeared to be aatia- 
factory, superficial examination of bars 3:1:12 and 5:1:12 after this 
treatment showed the presence of blisters and other signs of overheating. 
Microscopical examination of specimens of the 3:1:12 and 5:1:12 alloys 
solution treated at 475°C showed that formation of f.ilms and pools of 
the ternary eutoctic, (a + Jh.% Idg, Zn«), hud occurred which indicated 
that this temperature was above the solidus temperature for each alloy. 
Solution troatoent at 450°C however resulted in partial solution of 
the- ternary phase and a glo^ulorisation of the MgZng and any undissolvod 
ternary, without the formation of further separations of ternary oonstit- 
uent which would cause embrittlement of the material.  Cooling curves 
were plotted for alloys 3:1:8 and 4:1:11.  In these, a small arrest waa 
noted in alloy 3:1:8 at 472°C. and a more iwkod arrest waa evident in 
alloy 4:1:11 at 476°C. 

2. 
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Small pieces of bars 1:1:3, 1:1:4, 3:1:3 and 2:1:5 were solution 
heat treated at 520 C. for MM hour, quenched in cold water, ana artificially 
aged for 18 hours at 120°C.  Microscopical examination revealed no sign 
of overheating in any of these samples und no indication was obtained from 
Brinell hardness tests that the tensile properties of the materials treated 
at 520°C. would be superior to those after treatment at 495°C.  It war, 
evident, however, that aa the zinc content was increased it was necessary 
to lower the solution heat treatment temperature to avoid overheating, 
and it was decided that all alloys with a zinc content of over 9 . or a 
total of magnesium plus zinc of over 12,. should be solution treated at a 
lower temperature.  A temperature of 470°C. proved to be satisfactory for 
bars 1:1:10, 1:1:11, 2:1:10, 2:1:11, 3:1:10, 3:1:11, 4:1:9, 4:1:10 and 
4:1:11. 

Low properties obtained on a 5:1:12 bar solution treated at 450°C., 
were due to the: incomplete solution of the AlghgzZn* phase at this tempera- 
ture.  All the remaining bars vere solution treated at 495°C. for one 
hour, followed by quenching in oold water. 

Tests made on alloys of this type to deteriuLne the effects of varying 
the conditions of ageing had shown that the maximum values of jjroof and 
ultimate tensile stresses were obtained by agoing at a temperature of from 
120°C. to 140°C. for a period of about 18 hours.z»^  With increasing 
temperature of ageing above 140°C., the values of proof and maximum stresses 
decreased and the percentage elongation increased.  The ageing treatment 
adopted f9r all bars of the series mth a vi^w to developing the optimum 
tensile properties in each alloy «is 18 hours at 120°C. 

Discussion or tensile properties 

Owing to th- small quantity of material available, in general only 
one tensile test was made on eaoh allo-', but in a.  few oases, where there 
was sufficient material, duplicate testa were made.  Also for bars 
3:1:9 and 4:1:8 in which, in the initial test, fracture occurred in the 
end thread, a second test piece war. taken from the remaining part of the 
original bar.  Pull details of the rusults of mechanical testing are 
given in Tables Ilia, Illb, IIIo and IUd.  For alloys containing nominally 
1}.', 2 .-, 3/c and 4- of magnesium, the values of maximum stress were plotted 
against aotual percentage of zinc in eaoh case and are shown in Figures 
la, lb, lo, and Id respectively. (The Tables aliow that the average varia- 
tion in magnesium content from the nominal value is about 0.2,.- for oaoh 
series.) 

Examination of Figures la, lb, lo and Id shows that, provided that 
the temperature is controlled to permit maximum solution of constituents 
without exceeding the solidus of the alloy, in any given series with 
const uri, magnesium content, the proof stress and ultimate tensile strength 
values increase steadily to a my/jimm as the sine is increased while the 
elongation value decreases. 

For given percentages of zinc, the values of pro.->f stress and ultimate 
tensile strength show an increase of approxiidatüly 7$ as the magnesium 
content i3 increased from 1 to 2/, of about 3>i for on increase from 2 to 
3 of magnesium and about 1,. for an increase from 3 to Aj^ of magnesium. 

Although the valuer of proof stress and ultimate tensile strength 
in the curves show a.  tendency to further slight increase for the 4:1 ill- 
alloy, the percentage elongation has decreased to 2,i.  It wa3 considered 
that alloys of such low ductility in th*. •,vrought and heat treated condition 
have no practical value for structural parts of aircraft and thero would 
be no purpose in increasing the magnesium and zinc contents still further. 

! 
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m order to correlate the values of ultimate tensile strength obtained 
for all alloys with the respective magnesium and zinc contents, the position 
of the' alloys on the ternary diagram «ere plotted in terms of the atonic 
percentages of free magnesium and of zino as shown in Pig. le.  The a tend, o 
percentage of free magnesium was calculated after allowing for the amount 
required to xorm MggSi with all the silicon present in the alloy»  The 
number adjacent to each point in Slg.le indicates the value of maximum 
stress in tons/in«2 obtained on forged material of the respective composi- 
tion as given in Tables Ilia,. Illb,. IIIo and Iijd. - .The. dotted lines 
are tentatively 'suggested as 'representing the shape of the curves of 
equal tensile strength» 

Bungardt and Sohaitbe'rger have indicated12 that, for alloys within 
a oertain range of composition as given by the boundaries of the (a + T) 
field in the ternary Al-Mg-Zn equilibrium diagram at the temperature of 
ageing, the AlsMgzZni phase is responsible for age hardening, whereas for 
alloys in the (u. + MgZn2) field, ItfgZng is the hardening phase.  The tensile 
strength obtained after oertain fixed conditions of solution treateent and 
ageing 'will obviously be dependent on the amount of precipitation which 
has occurred.  It is suggested that the precipitation after a.given time 
of ageing may be related to the form of the solid solubility boundary on 
the diagram, i.e. the line between the a and (a + T) regions and that 
between the a and (p  + MgZi^) regions which, according' to Little, Raynor 
and Hume-Rothery, oan be represented respectively by the equations 

and 

«here  |Ug~)   and  |Zii| 
eine respectively." 

JMgj   (zn]    " constant 

[Mg|   jznl    = constant 

are the atomic percentages of free magnesium and of 

The tensile strength of alloys in the (a + T) and (a + MgZrg) fields 
: will thenbe functions of  lMg|  ['Zn]  and   [Ug]   [Znj 2 respectively or alterna- 
tively alloys of equal tensile strength in a given phase f i eld will give a 
constant value of the corresponding product.      If a sufficiently large number 
Of alloys were selected,  this hypothesis could bo checked by constructing 
the two sets of curves for which    [Mfji    [Znj  is constant and    [itgf   jzn] 2 

is constant, on the equilibrium diagram and seeing if they represent curves 
of equal tensile strength in the corresponding.; phase fluids.      In view of 
the small number, of alloys investigated and the laak of accurate information 
an the equilibrium diagram at 120°C«, it was not possible to check those 
relationships. 

Brinell hardness tests were made on the ends of the test pieces under 
conditions of loading H^AOOOAS    and tho results are given in Tables Ilia, 
Illb, IIIo, and Hid.      Owing to the limited amount of material available, 
the values given are generally those obtained by single determinations only. 
Accordingly,  small slices with two parallel faces were machined from the 
heads of the tensile pieces after testing and diamond pyramid hardness 
determinations were made under conditions of loading HD/JQ.      The results 
given in the Tables are the average of ton determinations for each alloy. 

In Fig.2, the average diamond pyramid hardness is plotted against 
the corresponding value of tensile strength«     Within the limits of experi- 
mental error there is a linear relationship between the hardness and tensile 
strength over the range of alloys investigated. 

Examination of Maorostruoture 

A section was machined from each of the chill oast billets far 
4. 
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e;»mination of macrostructure.  For the majority of the ingots the sections 
wore .taken halfway along the length but in some cases, the section was cut 
from a position just below tto. head of the billot.  Some fine porosity, 
which varied v/ith the alloy, «as observed in the centre of the sections 
but in no case did the maorostruoture suggest that the material would not 
forge satisfactorily. 

The sections were etched in u. solution containing 5jt of hydrofluorio 
acid, löj'u of hydrochloric acid and 20,o of nitric acid«  Examples of the 
structures obtained are given in Fig«3 "vhich shows the sections from 
3:1:10, 1:1:10, and 1:1:11 alloys.  Inmost cast billets the grains were 
fine, uniform and equiaxed -is in the 3:1:10 alloy.  Slight columnar 
growth had occurred at the edges of aoue ingots, e.g. 1:1:10 alloy, but 
no excessive columnar growth was observed.  In a few oases there war. a 
ring of very fine «rains on the odgo of the ingot, then a band of ooarser 
grains while the grain size in the oontre was intermediate between that of 
the two out-r regions (1:1:11 alloy).. 

Kxuiu.nation of micro.-.truotuxX 

i'he micro structure of the oast alloys was examined in sections taken 
from the slices used for macro-examination and of the forged alloys in 
sections from the tensile test pieces.  In the range of alloys investigated 
four constituents were identified in the microstxueture.  The manganese 
was present as iai Alg and any iron occurring in the alloys as an impurity 
was considered as being in solution in the manganese aluminide.  The 
magnesium and zinc formed the ternary constituent iU^Mg^Znj i" alloys of 
low alloy content but in those with higher percentages of magnesium and 
zinc, some liigZn^ particles were observed.  Small quantities of magnesium 
silicide were present but it was not certain that all the silicon contained 
in the alloys was in this form.  The mode of occurrence and the etching 
characteristics of these phases were in general similar to those of the 
constituents in high purity alloys.5»"»?»"»11 

Oast 3ars 

No ternary phasu was observed in the ccst alloys containing only 
l>o of magnosium until the concentration of zinc was lOjt.  In alloys in 
the range 1:1:3 to 1:1:9, the microstructure contained separations of the 

iron-bearing manganese aluminide particles together with small quantities 
of magnesium silicide.  The manganese constituent was present in a finely 
divided state and in some areas the portioles were distributed so that the 
phase appeared to be present as a eutectio«  A filigree form of (Fe-kn-Al) 
was a common feature in alloys of low alloy content and an example of this 
is shown in Fig.4.  Only small amounts of magnesium silicide were observed 
and none of the typical filigree form of this constituent, which is usually 
present in alloys containing magnesium and silicon, was found.  It 1B 
possible that some of the silicon present in the alloys as an impurity was 
in solution in the manganese constituent«  In the 1:1:10 and.1:1:11 
alloys small quantities of the ternary constituent hod precipitated in 
the grains and grain boundaries. 

With a magnesium content of 2 A and zinc contents up to 5$» the^ 
microstruotures were similar to those of corresponding alloys with 1$ 
Of magnesium.  In the 2:1:6 alloy and in alloys of higher zinc contents, 
small amounts of the ternary phase were visible.  No appreciable separa- 
tions of the eutectio (u+T) was observed in this range of alloys. 

No ternary phase was present in the 3:1:3 alloy but it occurred as 
a fine precipitate in the 3:1:4 saiuple in an amount similar to that in 
which it was presunt in the 2:1:6 alloy.  The precipitate wc.s more profuse 
in thu 3:1:5 alloy but no appreciable separations of resolvable eutectio 
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«ere observed until the zinc had been increased to 6$ for a corresponding 
magnesium content of 3$.  A. typical field in the 3slt6 alloy is illustrated 
in Fi'g.4 which shows the three oonstituento:- MgoSi (Fe-Mn-Al), and 
AlgHgxZnz after the section hod been lightly etched, in a 0.1$ solution 
of sulphuric aoid saturated with hydrogen sulphide.  The fine preoipitete 
Of the ternary phase can be seen in Fig,4 both in the grain boundaries, 
(indicated by PA and in the grains, (indicated by Fg).  A progressive 

increase in the amount of ternary phase was observed in the 311*8, 3il»9» 
3il:10 and 3:ljll alloys.  The separations in the grain boundaries were 
generally larger and the eutectii'erous fonn coarser with increase in zino 
depending upon the particular, cooling conditions for oaoh ingot.  In 
acme alloys, the ternary constituent was present in a giobularized form 
in the grains. 

A more marked change of miorostruoture was observed in the 3ilil2 
sample.  The occurrence of the manganese aluminide and magnesium suicide 
particles was as in the alloys previously described,but a new magneaium- 
zino phase, MgZn2, was present.  The itgZn^ is similar in appearance to 
Al^CgjZn,, but unlike the ternary ph&ss, does not occur in a euctiferous 
form.  The MgZn2 particles are often hexagonal In outline as shown in 
Figs.5 and 6, (5:1:12 alloy).  The AlgMg-Zn. phase had separated out in 
the grain boundaries as large pools of coarse (<x+T) and large quantities 
of the ternary had been precipitated in the grains as small needles as 
shown in Fig.6. 

- The microstruotures of the 4:1:6, 4:1:8 and k-'."Li<)  alloys contained 
small quantities of lCgZng which appeared to be present only In areas in 
which marked segregation of constituents had occurred.  The ternary 
eutectic was not so coarse as in the 3:1:12 alloy and more of this phase 
had separated out in the grains in the form of globularized pools, rather 
than the profuse fine precipitation as observed in the 3:1:12 alloy.  In 
the 4ll«8 sample the magnesium ailicide was present in the unusual form of 
prismatic particles which were often present in the larger pools of the 
ternary constituent, probably aa the result of the thermal conditions 
during cooling.  As would be expected the amounts of ilgZng were greater 
in the 4tliK> and 4:1:11 alloys than in the others of this series but no 
approoiablo coarsening Of the structure was observed. 

The structure of the 5s1:12 alloy is illustrated in Figs.5 and 6. 
The (a+T) separations were ooarae and the manganese:aluminide partiales 
were larger than in any of the other alloys.  Appreciable quantities of 
the UgZn2 phase were present and the typical .prismatic shape of this 
oonatituent is clearly visible in Fig.6.  The precipitated AlgMgjZn^ 
was very aciculur and profuse. 

Treatment at 450°C., i.e. at the temperature used for soaking the 
billets prior to forging, resulted in the oouplete solution Of the ternary 
phase, in the cast alloys containing low percentages of magnesium and zinc. 
In some of the alloys in which the separations of Al^Mg^Zn^ were somewhat 
-qgajese, only partial solution of this phase was brought about by soaking 
for one hour at this temperature.  neither the Mg2Si nor the MgZx^ phases 
were nppreciibly affected by treatment at 450°C. 

* gorged bars 

A few of the alloys were microscoploally examined after air cooling 
subsequent to the forging operation.  All alloys had been broken down 
satisfactorily although some slight segregation of the manganese constituent 
was observed.  Alloys with high percentages of magnesium and zino oontoinod 
quantities of both IfgZng and AlglfcnZnxa  Some of the ternary phase had 
separated out during air cooling after' the forging operation and any large 
partioles of UgZno or of undissolved AlgligiZn, were broken down by the 
forging treatment. 

6. 
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With the exception of those alloys of high cine content that contained 
appreciable amounts of OgZng in the cast condition,  the microstructures of 
the forged bars heat treated at 495°C were all similar to each other. 
Heat treatment at 495°C. for one hour resulted in the complete solution of 
the ternary JU^WjjxiÄj phase and subsequent ageing at 1200C,  caused precipi- 
tation,  the presence of which was revealed by etching the sections in 
various reagents.      The etching reagents that gave the most satisfactory 
results were a 0.5/« solution of hydrofluor ic acid, a 25/J solution of 
nitric, acid at 70°0.  anil a 0.1,.- solution of sulphuric acid saturated with 
hydrogen sulphide.       The amount and distribution Of the precipitated particles 
varied with the ftllojf and was most profuse in .those alloys containing 
higher percentages of magnesium and zinc.      The size and distribution of 
the precipitated particles in the 4:1:6 alloy can be observed in Fig.7« 
The precipitation was not uniform but appeared to be more profuse in some 
grains than in others.      Another feature observed was an apparent re- 
crystal lisatLon which had wk-nplaou as revealed in the large grain occupying 
the centre of the field of Pig.7«       This was common to all the alloys but 
was more marked in those of higher alloy content.      After etching the 
specimens in a solution containin,:; hydrofluoric and nitric acids, examination 
nhowed an apparent   duplex structure to u varying degree in most alloys. 
This feature has boon observed previous in a 3:1:7 alloy.2      Two disti.net 
phases appeared to be present in the matrix which were distinguished by 
a difference in shade and also in the amount of precipitation which had 
occurred.      Tho effeot was moat clearly observed after long periods of 
ttohinc and is illustrated in Fig*Q, (3:1:8 alloy). 

No satisfactory explanation of this apparent duplex structure can be 
given but the following suggestions are made.      The etching characteristics 
of -, given groin may bo dependent on its orientation so that variation in 
the depth of attack over the   section would be expected.      Alternatively, it 
is believed that microscgregatlon of constituents occurs not only from 
prain to grain but also within ft single grain and this is borne out by tho 
mode of separation of liquated constituents on overheating.      Under such 
circumstances, it is possible that the composition of some areas will 
correspond to the (a+ UgZn2) phase region and others to the. (a + T) phase 
region.      Although the etching characteristics of the A^MgjZn^ and MgZng 
phases are very similar, it is possible that those of regions in which 
Mg2k>2 naa precipitated would be different to those of areas containing 
precipitation of AlgUgjiinx«      Although it is doubtful if segregation 
occurs to such a marked extent as to provide a satisfactory explanation to 
the peculiar etching characteristics of the heat treated alloys, it would 
explain the observation that the duplex structure is more apparent in some 
alloys than in others. 

Of the six alloys containing MgZn? in the cast state, those with 
conposition 4:1:9, 4:1:10 and 4:1:11 were successfully solution treated at 
470°n., and the 5:1:12 alloy at 430°0.      Although no tensile test    was 
mode on material of composition 3.1:12 after solution treatment at 470°C#, 
it is most probable that satisfactory tensile properties would be obtained 
by ageing after solution treatment at this temperature. 

Sections from the 3:1:12, 4:1:8 and 5:1:12 alloys were examined after 
solution heat treatment at 495°0»      The 3:1:12 and 5:1:12 samples showed 
narked overheating.      Large quantities of (a + T) cutectic had separated 
uut in the groin boundaries and small particles of MgZn? were observed in 
the grains.      In some areas in the 5:1:12 alloy there was an almost 
continuous grain boundary netvork of ternary constituent as shown in Fig.9. 

(The section was deeply etohed in a dilute solution of hydrofluoric acid.) 
Some fine interorystalline cracking is indicated by tho arrow in the 
photograph.      The sample of 4:1:8 alloy was only slightly overheated at 
495°C      The MgZn^particles were globulariaed and most of the HLglgxZnx 
constituent was taken into solution.    In some areas however in which micro- 
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segregation had oocured the ternary constituent had separated out as fine 
films In the grain boundaries and as small rings and pools in the grains« 
The fused rings in the matrix varied in size and nature from the fine 

, separation shown in Fig.10 to the complete pool of eutectic shown in 
Pig.11, (the section was etched in a saturated solution of hydrogen sulphide 
in O.ljf sulphuric acid).  The lake of ternary AloMg^Zn* shown in Fig.11 
also oontains a particle of MnAlg and one of Mg2Si.  The formation of fine 
rings similar to that shown in Fig.10 appears to be the first indication 
of overheating in the alloy and it is probable that .this is the first 
stage in the formation of pools of fused material in the matrix« 

In the 4ili9» 4slsl0 and 41I1U alloys treated at 470°C. for one 
hour any ternary Alglig^Zn^ that had not been taken into solution at this 
temperature was globular!sea without the formation of any thin films of 
eutectic which would render the material brittle.  This also ooourred 
during the solution treatment of alloy 5il»12 at 450°C« 

Discussions of results and conclusions 

. The exaellent forging qualities of the materials throughout the 
whole range investigated suggests that alloys of similar compositions 
would be suitable for other hot working processes, as for instance the 
production of bars and sections by extrusion and of sheet and strip by 
rolling.  Furthermore it would be expected that these methods of fabrica- 
tion under industrial conditions would result In improved tensile strength 
and duotility.   . 

Alloys for which the sum of magnesium and zinc contents did not 
exceed 12£ were successfully heat treated by solution treatment for one 
hour at 495°C. > followed by quenching in cold water, and ageing for 18 
hours at 1200C,  It was considered that for alloys of a higher alloy 
content, a temperature of 470°C was preferable for solution treatment 
In order to reduoe the risk'of incipient fusion.  For the 5:1«12 alloy 
the maximum temperature which could be used for solution treatment was 
450°C.  Values for 0. ljj proof stress« ultimate stress and elongation 
for the 2.1:11 alloy in thu fully heat treated condition were 37.0 tons/in.2,» 
40.1 tons/in.2 and Gji respectively, and for the 4ilill alloy. 40.4 tons/in.2 

44.5 tons/in.2 and 2J5 respectively.  The proof and ultimate tensile strength 
values are of a high order but the elongation value of 2$ is lower than the 
minimum of 5# specified for wrought aluminium alloys for use in aircraft 
structures, (see Specification D.T.D.363A).  It is probable that alloys 
Of similar composition produced under commercial conditions may show 
Improved ductility on the alloys prepared at R.A.E,  Further, by suitable 
modification of the heat treatment, on increase.in ductility might be 
achieved with a relatively small los3 in tensile strength.  It would 
however be necessary to investigate the effect of varying the heat treat- 
ment, and in particular the temperature of ageing, on the stress-corrosion 
properties. 

For a given percentage of magnesium, the value of 0.1$ proof stress 
and ultimate tensile strength increase steadily to a maximum with increasing 
eine content while the elongation value decreases«  Similarly for a given 
percentage of zinc, increases in proof and tensile stresses and a decrease 
in elongation are obtained for an increase in the magnesium content. 

It is suggested that for alloys in the (a + T) field of the equilibrium 
diagram at the ageing temperature, (for which the hardening phase is probably 
Alglfg^Znx). for a given set of conditions of solution treatment and ageing, 
the tensile strength obtained is a function of the product  Qtg| jzn] > 
where JMg] and Iznj are the atomic percentages of free magnesium and of 
sino respectively.  Similarly, the tensile strength of alloys in the 
(a • HgZ&2) field is considered to be a function of the product fMgj [ZSffl 2. 
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Microscopical examination of the alloys in various conditions 
showed that the constitution of the ''Hoys was very similar to that of 
.higher purity matt-ri-la.' The presence of the ligZno phase in alloys 
of relatively high.alloy content did not ioad to any difficulties provided 
that the solidus temperature of the alloy was not ezoeoded during solution 
heat treatment.  Solution heat treatment at too high a temperature 
resulted in the formation of films and laker, -of fused ternary constituent 
in the grain boundaries and interory^tallitie weakness in the material. 

In view of the promising tensile properties of the 2tl:ll alloy, 
further investigation of the properties of an alloy with 2 to JJ5 of 
magnesium and 10 to 11/1 of Ainc i3 in hand".  This work will include 
tensile, fatigue and stress oorro.iion tests on both rolled and extruded 
materials.  Earlier work uva indicated that the stress-corrosion proper- 
ties of alloys of this type are improved by additions of chromium up to 
0.5'/ which have little effect on the .tensile properties provided that 
care is taken during casting to avoid marked segregation of chromium and 
manganese.  It is suggested that stress-corrosion tests made on a series 
of wrought alloys of high tensile strength» both with and without chromium 
in each case, would yield interesting inl'omation. 

I« 
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Preparation and casting of alloys 

The analyses of the jnttula and temper metals used are given in 
Table I. 

A covered Salamander crucible and an electric resistance furnace 
were used for the preparation and melting of all alloys« 

About two thirds of the virgin aluminium required to make up a melt 
•1%-a melted first and raised to a, temperature of about 8üO°C.   The 
surface of the melt was then covered with Ooveral flux, (iaesjrs. Foundry 
Services Ltd»), the titanium and manganese temper metals added and the 
temperature again adjusteu to 800°C.  Half the remaining aluminium was 
th n introduced und after the temperature had been adjusted to about 750°U. 
addition of zinc followed«  The balance of xne aluminium was next intro- 
duced at about ?ltO°C« and finally addition of the magnesium was made at a 
temperature of 700-720°C. by plunging in an inverted steel cup containing 
it, the cup being held beneath the surface of the melt until all the iaa(;- 
nesiua had been taken into solution«  Aluminium chloride, amounting to 
approximately 0.1),, of the total might of the melt, was then added as a 
degasser«  On the completion of the evolution of the gaa and after the 
adjustment of the temporatura to approximately 700°0., the metal was 
poured slowly into a nld.il nould, with sand cup head.  The mould »jas 
preheated to a temperature of about 250°0., and inolined at on angle of 
about 30° to the vertical«  As the mould wa3 filled it was moved into an 
upright position, and ulditions of further metal were made to miniuiiso 
piping. 

•Forging 

From each cast billet, approximately 2 inches diameter by 6 inches 
long, two shorter billets ^ere machined, approximately 1§ inches diameter 
by 2% inches long, and also a thin slice for ex-uuination of the macro- 
structure. 

After the internal mnllWill of each billet had been proved by 
radiographic examination, the billets were heated in an electric furnace 
fitted with an air circulating fan for ibout 18 hours at a temperature 
of 4.50°C., and wore then upset under a 250-ton hydraulio press, the stroke 
of the press being in the direotion of the original axis of the cast billet. 
After further heating at 450°0., the pressing operation wn3 continued, and 
the resultant bar was drawn out from the billet in a direotion at right 
angles to the original longitudinal axis.  After further huating at l£0°C., 
the bars were forged to £ inch square section under a 10 cwt. pneumatio 
hammer« 

J 
U. 
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«BMI 

4c 

alloys used 

;a. Cu. Fe. Kg. Mn.    !  Si.   i   ay.. Zn. 
Aluminium 

Magnesium 

Muigantae-Aluainium 

Titaniuia-viluainiusi 

Zino                             | 

1 

Bal 

Nil 

Bal 

Bal 

Sraoe 

1 

0.28 

0.04 

0.44 

2.6J 

0.003 

Bal Trace 

15.1 

0.18 

Traoe 

0.30 

0.46  { 

| 

i 

3.48 

Bal 

TABLE II 

Nominal oqapositiona of alloys investigated. 
showing Mg-Mh-Zn contents 

l«li3 
I1I14 
ill i5 
I1I16 
lil:8 
lili9 
UlilO 

2:1:3 
2:1:4 
2ili5 
2:1:6 
2:li8 
2:1:9 
2:1:10 

lilill  |    2:1:11 

3il:3 
3:li4 
3:li5 
3:1:6 
3:1:8 
3ili9 
3il:10 
3il:ll 
3HH2 

4:1:6 
4:1:8 
4H:9 
4:1:10 
4:1:11 

5:1:12 

:-'••<;•'' 

12. 
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while elongation value decreases. Further tests with a 2:1:11 alloy with a 0.5 percent 
addition of chromium are recommended. 
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